The effect of vitamin E on the contact sensitization responses induced in mice by 2,4-dinitrochlorobenzene (DNCB) was studied . Mice were fed a vitamin E-adequate or a vitamin E-deficient diet for 5 weeks. The amounts of thiobarbituric acid-reactive substances in the spleens and draining auricular lymph nodes of mice were decreased by dietary vitamin E. Dietary vitamin E prevented lipid peroxidation in the spleens and lymph nodes of mice. Contact sensitization develops in two phases , induction (sensitization) and elicitation. Following sensitization to DNCB on ears, draining lymph node responses, i.e., lymph node weight, total lymph node cell number and in vitro lymph node cell proliferation as assessed by [3H]methyl thymidine incorporation, were examined. These responses, activated by DNCB, were lower in the mice fed a vitamin E-deficient diet as compared with those of the mice fed a vitamin E-adequate diet. In the elicitation phase, lymphocytes from sensitized mice respond to the antigen and blastogenate in vitro. The blastogenesis of spleen lymphocytes in the DNCB-sensitized mice was decreased by vitamin E deficiency, which was enhanced by exogenously adding vitamin E. It was found that vitamin E deficiency decreases the contact sensitization responses to DNCB in mice, but responses were restored by exogenous vitamin E. In conclusion, vitamin E may participate in the lymphocyte responses to contact allergens through scavenging reactive oxygen species.
Summary
The effect of vitamin E on the contact sensitization responses induced in mice by 2,4-dinitrochlorobenzene (DNCB) was studied . Mice were fed a vitamin E-adequate or a vitamin E-deficient diet for 5 weeks. The amounts of thiobarbituric acid-reactive substances in the spleens and draining auricular lymph nodes of mice were decreased by dietary vitamin E. Dietary vitamin E prevented lipid peroxidation in the spleens and lymph nodes of mice. Contact sensitization develops in two phases , induction (sensitization) and elicitation. Following sensitization to DNCB on ears, draining lymph node responses, i.e., lymph node weight, total lymph node cell number and in vitro lymph node cell proliferation as assessed by [3H]methyl thymidine incorporation, were examined. These responses, activated by DNCB, were lower in the mice fed a vitamin E-deficient diet as compared with those of the mice fed a vitamin E-adequate diet. In the elicitation phase, lymphocytes from sensitized mice respond to the antigen and blastogenate in vitro. The blastogenesis of spleen lymphocytes in the DNCB-sensitized mice was decreased by vitamin E deficiency, which was enhanced by exogenously adding vitamin E. It was found that vitamin E deficiency decreases the contact sensitization responses to DNCB in mice, but responses were restored by exogenous vitamin E. In conclusion, vitamin E may participate in the lymphocyte responses to contact allergens through scavenging reactive oxygen species. Key Words vitamin E, 2,4-dinitrochlorobenzene, contact sensitization, lymphocyte blastogenesis Vitamin E plays an important role in protecting the cellular membrane structures against damage from reactive oxygen species and reactive products of lipid peroxidation (1) (2) (3) (4) . In addition, it has been shown that vitamin E stimulates * To whom correspondence should be addressed . of contact sensitization in mice was investigated. For this purpose , an established local lymph node assay (20, 22) was used. Mice received 1% DNCB or the control vehicle by painting on ears for 3 consecutive days. On the fourth day , draining auricular lymph nodes from 3mice were excised , pooled for each experimental group and weighed. Total lymph node cell number in the lymph nodes was measured . Lymph node cells at the same cell concentration were then incubated with 3HTdR , and 3HTdR incorporation into the cells was measured . Weight of draining auricular lymph nodes, lymph node cell number in the lymph nodes and 3HTdR incorporation into the cells of control mice fed a vitamin E-adequate diet were higher than those of the control mice fed a vitamin E-deficient diet (Table 1 , control) . Lymph node weight, lymph node cell number and 3HTdR incorporation were increased by topical exposure to DNCB, and these values from mice fed a vitamin E-adequate diet were greater than those from mice fed a vitamin E-deficient diet ( of lymphocytes to mitogen (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) . However, to our knowledge, this is the first demonstration of the effect of vitamin E on sensitization response to contact allergens.
There was a significant correlation between plasma vitamin E concentrations and immune responses in rats (11) . The degree of vitamin E content in the tissues of animals may vary with the diet, species and feeding time. Although the determination of the level of vitamin E content in blood is important to assess the condition of vitamin E deficiency, it is difficult to collect blood from mice. The measurement of TBARS values of tissues is a possible indication of the degree of lipid peroxidation (25) . Therefore, we measured the amounts of TBARS of tissues, and assessed the condition of vitamin E deficiency. Kikugawa et al reported that vitamin E levels of blood, livers and spleens of rats fed a vitamin E-deficient diet for 5 weeks were remarkably lower than those fed a vitamin E-adequate diet (24) . In this study, the amounts of TBARS in the spleens and lymph nodes of mice fed a vitamin E-deficient diet showed a significant increase in comparison to those of mice fed a vitamin E-adequate diet. Consequently, dietary vitamin E prevented lipid peroxidation in the spleens and auricular lymph nodes of the mice. The mice fed a vitamin E-deficient diet for 5 weeks were thought to be in vitamin E-deficient condition.
Skin sensitizing chemicals induce lymph node cell activation in the draining site of the exposure (16, 20) . In vivo lymph node responses provoked during the induction of contact sensitization in mice were investigated using a local lymph node assay (20, 22) . Weight of draining auricular lymph nodes, lymph node cell number in the lymph nodes and 3HTdR incorporation into the cells of control or DNCB-treated mice fed a vitamin E-adequate diet were higher than those of control mice fed a vitamin E-deficient diet (Table 1) . Vitamin E deficiency decreased the auricular lymph nodes responses. The lipid peroxidation of lymph nodes by vitamin E deficiency decreased lymph node responses in the mice. It is likely that reactive oxygen species were key species to the lymphocyte responses. This result suggests that vitamin E may be important to maintain immune reactivity in contact sensitization to chemicals.
Cell culturing conditions are conducive for the production of reactive oxygen intermediates. The oxygen tension is higher than that in lymphoid organs and the oxidative products of cultured cells are not usually removed during the culturing periods. Peroxidation of lymphocyte membrane significantly depressed the in vitro response to mitogen (26). 2-Mercaptoethanol (2-ME) is usually added to the culture medium for in vitro lymphocyte proliferation assay, as a synthetic antioxidant agent to enhance the (cellular) response (27, 28) . This enhancement was mediated by the enhanced availability of glutathione to prevent cell membrane lipid peroxidation (29) . Oonishi et al found that, in the presence of 2-ME, there was no enhancement of proliferation by a-tocopherol (30) . Because 2-ME might mask the effect of dl-a-tocopherol, we did not add 2-ME to the culture medium.
The lymphocytes from sensitized animals proliferate following in vitro in (Table 2 ). The stimulating effect of vitamin E on blastogenesis in response to antigen is similar to the mitogenic responses to Con A . Hoffeld showed that the enhancement of lipopolysaccharide-stimulated proliferation by various chemicals that block various steps in the lipid peroxidation process , such as 2-ME and vitamin E, was mediated by the enhanced availability of reduced glutathione in the culture medium . This supports the hypothesis that the enhancement of cellular responses by vitamin E is mediated by its lipid antioxidant activity . Meydani et al reported that high levels of dietary vitamin E decreased the level of immunosuppressive prostaglandins in spleen cells and enhanced lymphocyte functions (39 , 41) . Furthermore, dietary vitamin E could modulate cytokine production by splenocytes and thymocytes (42) . Cytokines, such as interleukin-1 and 2 , interferone and tumor necrosis factor, play crucial roles in immune responses . Oonishi et al found that treatment with vitamin E could increase mitogenic response by the enhanced production of interleukin 1 from macrophages (30) . Brohee and Neve showed that a dietary high dose of vitamin E treatment induced a small decrease in T cell , especially CD4+ cells (T-helper cells), in blood from young adult mice , and the number of reactive specific lymphocyte subsets affected the change in immune reactivity (43) . These results suggest that the stimulation of spleen lymphocyte proliferation by vitamin E was mediated by action as an immunomodulator rather than an antioxidant . However, it is not clear whether a dietary high dose of vitamin E would enhance contact sensitization responses. We need to compare the reactivity of lymph nodes among the mice fed a vitamin E-adequate diet , vitamin E-deficient diet or vitamin E-excessive diet following the application of contact allergens . In summary, in the mice fed a vitamin E-deficient diet , there was a decrease in lymph node responses induced by DNCB in contact sensitization . It is likely that reactive oxygen species were key species to the lymphocyte responses , and the l ymphocyte responses were restored by dietary vitamin E. The in vitro addition of dl-a-tocopherol stimulated lymphocyte proliferation in mice in response to con tact allergen. Vitamin E is important to maintain immune reactivity in contact sensitization to chemicals.
